the immune fraction (Fig. 2). Each of
the eight bands from fractionated im-
mune hemolymph was cut from simul-
taneously run unstained gels, and the
protein was eluted into a small volume
of dilute salt solution (9) by ultrasonic
mixing with a microprobe. After clarifi-
cation by centrifugation, material ob-
tained from each band was assayed for
immobilizing effect in the standard test
system. Activity was obtained in the C
band present in immune hemolymph.
The C band present in normal male
hemolymph does not show this activity,
nor do samples in any of the three pro-
teins present only in the fraction from
immunized hemolymph. The new pro-
teins in the immune hemolymph frac-
tion are thus evidently formed in re-
sponse to portions of the ciliate that
are not associated with the immobilizing
response, whereas, like the gamma glo-
bulin response in mammals, the immune
material is normally present as a pre-

formed protein fraction in the circulat-
ing fluid of the organism and becomes
altered in response to immunization.
GERALD R. SEAMAN
N. L. ROBERT
Department of Biology, Roosevelt
University, Chicago, Illinois 60605
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Induction of Collagenolytic and Proteolytic Activities

in Rat and Human Fibroblasts by Anti-Inflammatory Drugs

Abstract. Confluent monolayers of either mouse or diploid human fibroblasts
contained no measurable amounts of either collagenolytic (pH 5.5) or proteolytic
(pH 7.5) activities. Within a few hours after exposure of these cells to anti-
inflammatory drugs, significant amounts of these enzymatic activities were
demonstrable extracellularly. These activities were profoundly decreased in cul-
tures simultaneously treated with the anti-inflammatory drugs and cycloheximide

or actinomycin D.

Following the administration of cor-
ticosteroids, loss of collagen from the
skin of rats is marked (I). A similar
loss has been shown in man (2). In the
rat, the biological half-life of in-
soluble cutaneous collagen is about 1
year, and the total loss of collagen in
24 hours is about 50 mg for a 200-g
rat (3). During the day after adminis-
tration of cortisol, indomethacin, and
oxyphenylbutazone, but not salicylate,
catabolism of collagen in the skin is
more than ten times that occurring
normally in the whole body (4). It
seems unlikely that these drugs could
effect such a loss by merely inhibiting
the anabolism and not accelerating the
catabolism of this fibrous protein.

Since collagen is located extracellu-
larly, and since the administration of
these anti-inflammatory drugs neither

increases the number nor alters the .

kinds of cells found in the skin (2),
catabolism of cutaneous collagen must
proceed by the release of collagenolytic
activity from normal skin cells into the
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extracellular compartment of the tissue.
The skin contains enzymatic activities
capable of digesting purified insoluble
cutaneous collagen at pH 5.5 (5).
Free collagenolytic activity and a pro-
teolytic activity (pH 7.5) were found
in the extracellular compartment of the
skin from rats treated with steroids,
neither was found in untreated control
rats (4, 6). Their appearance was al-
ways associated with a loss of collagen
from the skin (4, 6). The enzyme ac-
tivities were not associated with the re-
lease of any of the well-known enzymes
marking the labilization of lysosomes
“, 7).

Finally, previous treatment of rats
with such varied inhibitors of protein
biosynthesis as puromycin [inhibiting
messenger RNA (8)], cycloheximide
[inhibiting peptide chain lengthening
(9)], and actinomycin D [inhibiting
messenger RNA synthesis (/0)] inhib-
ited the extracellular appearance of the
collagenolytic and proteolytic activities
and the loss of insoluble collagen from

the skin (/7). Previous treatment of
cortisol-treated rats with 5,5-diphenyl-
hydantoin also inhibited the appearance
of collagenolytic activity and loss of in-
soluble collagen from the skin (717).
Our results suggest that the induction
of these enzymatic activities results
from the drug-produced derepression
of an operon within the mouse hetero-
ploid or human diploid fibroblast in con-
fluent monolayer cell culture.

Strain L. fibroblasts were obtained
(12) and grown in Eagle’s essential
medium containing 10 percent fetal
calf serum in the usual fashion in 32-
ounce pharmacy bottles until they
reached confluency. The confluent
monolayers of these cells (more than
20 X 108 cells per bottle) were allowed
to stand for 5 days in medium to
which had been added 12 pug of ascor-
bate per milliliter. The monolayer was
then rinsed with sterile isotonic saline
until no more protein could be deter-
mined (7/3) in the washings. These
monolayers were then harvested,
counted in a hemocytometer, and sus-
pended in 1 ml of medium (without
serum or ascorbic acid) per 4 X 108
cells. To some of these cell suspensions
was added cortisol succinate, indo-
methacin, or oxyphenylbutazone (20
ng/ml). Some of these treated cul-
tures also received simultaneously either
cycloheximide or actinomycin D (5 pg/
ml). After 0, 2, 3, 4, 5, and 6 hours,
samples of medium and cells were col-
lected together, homogenized in a Pot-
ter glass homogenizer, and assayed for
proteolytic and collagenolytic activi-
ties. ,

Proteolytic activity was determined
by incubation of denatured hemoglobin
at pH 7.5 with 1 ml of homogenate for
16 hours at 36°C (14). The amount of
protein soluble in trichloroacetic acid
released under these conditions was ex-
pressed in micrograms of tyrosine
equivalents per 4 X 106 cells (4, 14).

Collagenolytic activity was deter-
mined by incubation of 1 ml of the
homogenate with 10 mg of purified,
native, insoluble rat-skin collagen at pH
5.5 for 16 hours at 24°C (4, 6). The
amount of peptide-bound hydroxypro-
line rendered soluble under these condi-
tions was determined after hydrolysis in
4N HCI at 100°C for 8% hours (15).
The results were expressed in micro-
grams of hydroxyproline released per
4 X 1068 cells.

The insoluble cutaneous collagen
substrate was prepared as described
previously (4-6) and contained Iess
than 2 percent noncollagenous nitrogen.
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Table 1. Tl'le effects of three inducing drugs (20 wg/ml) on the proteolytic activity of L strain
fibroblasts in confluent monolayer (micrograms of trichloroacetic acid-soluble tyrosine equiv-
alents per 4 X 10° cells) either alone or with cycloheximide (cyclo) or actinomycin D (actino)

( S #g/ ml) .
H(f)urs Oxyphenylbutazone Cortisol Indomethacin
after
drug Alone +Cyclo +Actino Alone -+Cyclo 4-Actino Alone +Cyclo --Actino
0 0 0 0 0 0 0 0 0 0
2 * 48 * 7 0 *10 0 0 * 50 0 0
3 *110 *10 * 5 *68 *10 0 * 90 =10 0
4 *135 *17 *10 *78 =10 5 *135 *10 *8
5 *130 * 6 * 8 *80 * 7 0 *128 * 8 *8
6 *138 5 * 7 *80 6 0 *125 5 0

* Significantly different from zero-hour control (P < .05); means in italics were significantly different

from the appropriate ‘‘drug control” column.

Table 2. The effects of three inducing drugs (20 ug/ml) upon the collagenolytic activity of
L strain fibroblasts in confluent monolayer (micrograms of soluble hydroxyproline per
4 % 10° cells) either alone or with cycloheximide (cyclo) or actinomycin D (actino)

(5 ug/ ml).
H;)urs Oxyphenylbutazone Cortisol Indomethacin
after  —
drug Alone +Cyclo +-Actino Alone +Cyclo +Actino Alone +Cyclo - Actino
0 0 0 0 0 0 0 0 0 0
2 *28 0 [ * 8 0 0 *20 - 0 0
3 *64 0 0 *32 0 0 *48 0 0
4 “84 =8 4 =64 4 0 *76 *8 4
5 *92 *8 4 *64 =8 4 #84 %8 4
6 *92 0 0 *64 4 0 *84 *8 0

* Significantly different from zero-hour control (P < .05); means in italics were significantly different

from the appropriate ‘‘drug control” column.

None of the hydroxyproline of this
substrate could be solubilized with 1
mg of trypsin per milliliter at pH 5.5
or by buffer alone after overnight in-
cubation at 24°C.

All determinations were done in
duplicate, and each experiment was
performed at least three times in tripli-
cate culture bottles. All results were
expressed as the mean value of at least
three experiments, with the standard
deviation for both determinations being
about =14 percent. Analysis of vari-
ance of both the cell counting and the
enzyme assays indicated that any re-
sults differing by more than 30 per-
cent were significantly different
(P < .05).

The results of the proteolytic assay
are shown in Table 1 for cultures ex-
posed to the three anti-inflammatory
drugs for 0 to 6 hours with and with-
out the simultaneous addition of in-
hibitors of protein biosynthesis. These
data indicate that strain L fibroblasts
contained normally no detectable
amounts of proteolytic activities at pH
7.5. Significant amounts of this activity
were demonstrable within 2 hours after
exposure to all three anti-inflammatory
drugs, however. Proteolytic activity was
maximum after 4 hours. Almost all
of this activity was eliminated by the
simultaneous addition of either cyclo-
heximide or actinomycin D, the latter
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agent being slightly more effective than
the former.

Separate experiments indicated that
adding either cycloheximide or actino-
mycin D to the induced cell homoge-
nates had no effect on the enzymatic
activities of these homogenates; hence
neither drug was an inhibitor of proteo-
Iytic or collagenolytic activities.

The collagenolytic capacity of these
homogenates was also determined (Ta-
ble 2). Normal strain L fibroblasts con-
tain collagenolytic activity (pH 5.5)
only after treatment with three anti-in-
flammatory drugs. This activity was
maximum 4 to 5 hours after drug treat-
ment, and almost all of the collageno-
Iytic activity of these cultures was
eliminated by simultaneous treatment
of the cells with either cycloheximide
or actinomycin D. Cells to which no
drug was added did not contain any
commensurable amounts of either pH
7.5 proteolytic or pH 5.5 collageno-
lytic activities, even after 6 hours of in-
cubation.

In other experiments, the cells alone
and the medium alone were assayed for
collagenolytic and proteolytic activities
4 hours after induction by oxyphenyl-
butazone or cortisol succinate. More
than 50 percent of these activities was
found in the medium. Almost all of
these activities remaining in the cells
could be extracted by gentle washing

of the cells in isotonic saline. Thus most
of these enzymatic activities could be
easily released from the cells into the
extracellular fluid. Finally, diploid hu-
man fibroblasts (16) were grown into
confluent monolayers. Homogenates of
these cells normally had no collageno-
lytic or proteolytic (at pH 7.5) activ-
ities. Within 4 hours after exposure to
oxyphenylbutazone (20 ug/ml) how-
ever, they (three different cultures)
contained proteolytic activity at pH 7.5
equivalent to an average of 60 ug of
tyrosine equivalents per 4 X 106 cells.
They also contained an average col-
lagenolytic activity equivalent to 37 ug
of hydroxyproline per 4 X 10 cells.
These enzymatic activities were reduced
to nearly zero by treatment of the cul-
tures with actinomycin D.

Thus both animal and diploid human
fibroblasts in confluent monolayers
were induced by anti-inflammatory
drugs (presumably by the derepression
of an operon) to produce and release
both collagenolytic and proteolytic ac-
tivities where no measurable amounts
of such enzymatic activities had existed
previously in these cells. It is not at all
clear what relationship, if any, exists be-
tween the anti-inflammatory and en-
zyme-inducing properties of these drugs.

J. C. Houck
V. K. SHARMA
Biochemical Research Laboratory,
Children’s Hospital, Washington, D.C.,
and Department of Pediatrics, George
Washington University Medical School,
Washington, D.C.
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